Determination of the 77-77' mixing angle 
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(Dated: February 29, 2012) 

We extract 17-77' mixing angle and the ratios of decay constants of light pseudoscalar mesons 7r°, 
T] and rj using recently available BABAR measurements on 77-photon and r;'-photon transition form 
factors and more accurate experimental data for the masses and two-photon decay widths of the 
light pseduoscalar mesons. 
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Determining the composition of 77 and rf mesons 
attracted continuous interest in hadronic physics. 
The idea of rj and rj' containing gluonic and in- 
trinsic \cc) components has long been employed 
in explaining many experimental results, includ- 
ing recent observations of large branching ratios 
for some decay processes of J/tp and B mesons 
into pseudoscalar mesons 

There are three charge neutral states in the 
nonet of pseudoscalar mesons in SU(3) f quark 
model: 7r°, rj% and 771. The latter two mix to give 
the physical particles 77 and 77', 
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Alternatively, one could use the quark-flavor basis 
mixing scheme 0, 
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with \rj q ) = -j=(\uu) + \dd) and \q s ) = \ss). The 
mixing angles in the two schemes are related via 
9 — (j)— arctan-v/2 ~ 0—54.7°. A two-mixing- angle 
scheme has also been suggested in the study of the 
mixing of decay constants Q. 

The mixing angle can neither be calculated from 
first principles in QCD nor measured directly - it 
has to be determined phenomenologically. There 
are a lot of studies on this subject using different 
methods and a number of different processes, in- 
cluding various decay processes involving the light 
pseudoscalar mesons [H-Q- 

One important source of information in deter- 
mining the mixing angle is the transition pro- 
cesses, 77* — > 77, rj' for which the transition from 
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factors (TFFs), F V7 (Q 2 ) and F V , 7 (Q 2 ) with Q 2 be- 
ing the virtuality of the off-mass-shell photon, are 
defined. The usual procedure Q using the TFFs 
to evaluate the 77-77' mixing angle is to calculate 
the Q 2 dependence of these transition form factors 
and compare with the experimental data which are 
given at a certain range of Q 2 f§-fIol|. However, 
theoretical calculations for the TFFs at finite Q 2 
suffer sizable corrections and are sensitive to the 
non-perturbative model used for the distribution 
amplitude of the mesons, which results in large 
uncertainties in determining the mixing angle. 

Two analytical constraints on the 77-77' mix- 
ing were obtained in by considering the two- 
photon decays of rj and 77' and the asymptotic be- 
havior of the 77 and 77' TFFs in the limit Q 2 — > 00, 
together with the fact that the asymptotic behav- 
ior^ of the meson TFFs is firmly predicted by QCD 

extend the 
to higher 
and thus 

provide new information for the 77 and 77' TFFs 
at Q 2 — > 00. At the same time experimental in- 
formation on the masses and two-photon decay 
widths of mesons involved are improved consider- 
ably over the last decade. These new experimental 
data shall have an impact on the determining of 
the 77-77' mixing parameters. 

In this paper we extract the Q 2 — > 00 behavior 
of the 77 and 77' TFFs from the BABAR data. Using 
this new information and updated experimental 
data about the two-photon decays 77 — > 77 and 
v' 77 jl3| |. we determine the 77-77' mixing angle 
and the ratios of decay constants in the two mixing 
schemes [see Eqs. ((TJ) and ©] using the method 

of 11a. _ 

The analytical expressions obtained in for 
the mixing angle 9 and the ratio of the decay con- 
stants of the 771 and 77s states r = fi/ fs are 



12j. Newly available BABAR data 
measurements for the 77 and 77' TFFs 
Q 2 and to a much larger range of Q 2 . 
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. a -(1 + c 2 )( Pl + p 2 ) + y/(l + c 2 ) 2 ( Pl + p 2 ) 2 + 4(c 2 - PlP2 )(i - g^g 

tan 6>= * -r^ r , (3 
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where c = -\/8 and 
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One advantage of determining the mixing pa- 
rameters from Eqs. (|3|)-([6]) is that both the the- 
oretical uncertainty incurred in calculating the 
TFFs at finite Q 2 and the experimental uncer- 
tainty are minimized by considering the ratios of 
the decay widths for the two-photon decay pro- 
cesses and the ratios of the transition form factors 
at large Q 2 . 

Furthermore, considering the ratio of the decay 
widths for the ir° — > 77 and r\ — > 77 processes, we 
can also determine the ratios fs / f-w and /1 //^ , 

is 
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The above analysis can be easily applied to the 
quark- flavor basis mixing scheme [see Eq. ©] by 
replacing the parameters c = Ci/cg, r = fi/ fs, 
c 8 and ci with c' = c s /c g = \/2/5, r' = f s /f, 



c g = 5/3 and c s = V2/3, respectively [TTI j . 

The parameters po and pi can be fixed by using 
the masses and two-photon decay widths of 7r° , 7/ 
and Vj . We employ the data given by the 2010 
Particle Data Group (PDG2010) [H, 



r^o^ = 7.74 ±0.46 eV, 
r^ 77 = 0.510 ± 0.026 keV, 
IV_> 77 = 4.28 ± 0.19 keV, 

m^o = 134.9766 ±0.0006 MeV, 
m n = 547.853 ±0.024 MeV, 
m, n , = 957.78 ±0.06 MeV. 
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We will use the CLEO @ and BaBar ^ data 
for the TFFs at large Q 2 to determine the param- 
eter p 2 . The CLEO Collaboration 9] measured 
F r]1 {Q 2 ) and F r] > 1 (Q 2 ) in the Q 2 regions up to 20 
and 30 GeV 2 respectively, and presented the data 
in a mono-pole form proposed in |14j |. 
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where a ~ 1/137 is the QED fine coupling con- 
stant and Ap is the pole mass parameter. 

The BaBAR Collaboration [10|j recently mea- 
sured the 77-photon and ?y'-photon transition form 
factors in the Q 2 range from 4 to 40 GeV 2 . The 
results were not presented in the mono-pole form 
[Eq. (JT5J)], partially because their results for the 
pion-photon transition from factor exhibit a very 
quick growth for Q 2 > 15 GeV 2 (IE} , which is 
very hard to explain in QCD [l6j]. However, this 
trend of fast growth is noticeably missing from the 
BaBAR data for the 77-photon and 77'-photon transi- 
tion form factors, and thus the BABAR data for the 
77-photon and 77'-photon transition form factors are 
consistent with perturbative QCD calculations for 
the form factors and shall be described with the 
mono-pole form as given by Eq. (1121) . 

We use QCD-motivated mono-pole form 
Eq. (IT2l to fit experimental data. The values 
of and in Eq. (fT2|) determined using the 
CLEO data, BABAR data, and the combined data 
are presented in Table |U We have combined the 
statistical and systematic errors for the CLEO 
data in quadrature since the BaBAR data are 
presented with only combined errors. The values 
of x 2 /cl.o.f given in the table provide further 
justification for the use of Eq. (IT21 in describing 



these data. The values of A ?) and A^ determined 
with the CLEO and BABAR data agree within 
their uncertainties, but the BaBAR data greatly 
improve the accuracy in determining the values 
of A r( and A' v . Using the combined data in the 
fitting changes the results slightly. 

The parameter A p has a natural explanation as 
the pole mass of vector meson in the vector meson 
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dominated model for the TFFs. The values we 
obtained, A,, ~ 780 MeV and A ? , ~ 860 MeV, are 
very close to the masses of p (770 MeV) and K* 
(890 MeV). 

The results for the mixing angle and decay con- 
stants determined using the CLEO data, BaBAR 
data, and the combined data, together with the 
two-photon decay widths, are presented in Tables 
HI! and IIIII for the 778-771 mixing scheme and quark- 
flavor basis mixing scheme, respectively. The mix- 
ing angle obtained in this work, ~ 37° ~ 38° 
is slightly smaller than the central value of 39.8° 
obtained in [llj . This is mainly due to an increase 
in the estimation for the T v ^ 11 by the 2010 Par- 
ticle Data Group. This increase also affects the 
results for the ratios of decay constants slightly. 
The uncertainties for the mixing angles and the 
ratios fx/ fs and f s /fq obtained in this work are 
considerably smaller than that given in [llfl due to 
the new more accurate experimental data for the 
meson masses, the two-photon decay widths, and 
the meson-photon transition form factors. The un- 
certainties for the other ratios of decay constants, 
fs/fir and /i/Ztt in the 778-771 mixing scheme and 
fq/f-K and fs/f-K m the quark- flavor basis mixing 
scheme, are also generally smaller than that esti- 
mated in [TTj . 

Our results for the mixing angle are in agree- 
ment with recent results of <fi ~ 37° ~ 42° ob- 



tained with other methods @|. The value of fs/f-n- 
obtained in this work is smaller than that ob- 
tained with Chiral Perturbation Theory (ChPT) 
at next-to-leading order [3] and some phenomeno- 
logical analyses Q , but is larger than the result re- 
ported in Q. We note that the ChPT result may 
be alerted by higher order corrections. As it has 
been pointed out in [llj, in the previous studies 
cither the questionable assumption that the decay 
constants and the particle states share the same 
mixing scheme or two mixing-angle scheme was 
adopted. The relations between the mixing pa- 
rameters involved in the two- mixing- angle scheme 
and that appear in our model remain to be further 
studied. 

In summary, understanding the composition of 
the light pseudoscalar mesons 77 and 77' is of great 
importance in the study of many hadron processes 
involved these mesons. Employing the two ana- 
lytical constrains on the 77-77' mixing proposed by 
us in a previous work, we extracted the 77-77' mix- 
ing angle and the ratios of decay constants in two 
widely-used mixing schemes using recently avail- 
able BABAR measurements on the 77-photon and rf- 
photon transition form factors and more accurate 
experimental data for the masses and two-photon 
decay widths of the light pseduoscalar mesons. 
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TABLE I. A P and xV d -°- f in fitting the data for the TFFs with Eq. 





V 


i 


Ar, (MeV) 


x 2 /d.o.f 


A v , (MeV) 


x 2 /d.o.f 


CLEO 


775 ± 12 


0.95 


856 ± 10 


0.88 


BABAR 


787 ± 7 


0.99 


861 ±4 


1.04 


CLEO+BABAR 


784 ± 6 


0.96 


849 ±6 


0.88 



TABLE II. The mixing parameters determined for the rjs-rji mixing scheme. 
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h/fs 


h/h 


h/h 


CLEO 


-16.26 ±0.86 


1.162 ± 0.053 


0.955 ± 0.042 


1.109 ± 0.053 


BABAR 


-16.54 ±0.71 


1.146 ± 0.045 


0.966 ± 0.041 


1.107 ± 0.050 


CLEO+BABAR 


-16.84 ±0.72 


1.128 ± 0.044 


0.979 ± 0.042 


1.105 ± 0.050 
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TABLE III. The mixing parameters determined for the quark-flavor basis mixing scheme. 







fs/U 


fq/U 


fs/U 


CLEO 


38.11 ±0.79 


1.197 ± 0.065 


1.076 ± 0.044 


1.29 ± 0.10 


BABAR 


37.90 ± 0.70 


1.177 ± 0.054 


1.077 ± 0.044 


1.268 ± 0.088 


CLEO+BABAR 


37.66 ± 0.70 


1.156 ± 0.054 


1.078 ± 0.044 


1.246 ± 0.087 



